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Technical Field of ttie Inventioh 

The present invention relates to a surveying instrument and to a method of operating 
a surveying instrument 

Description of Related Art 

Total stations are precision survey Instraments daat allow a user to electiomcally 
measure the distance, as well as the v^cal' and horizontal angles, between the total 
station and any points to be surveyed. These types of measmoients require a hi^ 
degree of accuracy, wiih acceptable tolerances measured in arc-seconds for angles 
and millimeters for distance. The manu&cture of a prior art total station Aer^oie 
involves hig^ precision trimnung and ai^'ustment of certain mechanical parts whose 
function affects the measurements-to-be-performed. 

In addition to the demand for precision, it is also inq>ortant tiiat tfiesc instruments be 
easy and convenient to use, because of the difScult (erroin and other extreme 
conditions that may be present in the location where Oe total station is to be 
employed. When using a prior art total station, it is necessaxy for the usct to 
precisely level the instrument widiin a manufecmier-speciaed range before 
measurements are taken. 

US 6,138,367 discloses a total station that includes a rotational alidade portion and 
an angle encode for measuring die rotational orientation of the rotational alidade 
portion. The total station disclosed by US 6.138.367 further mcludes tilt sensors 
connected to a tilt predictor. The tat predictor predicts the degree of tih of the 
roiattonal alidade portion of a total station conespoiiding to the rotational orientation 
of the rotational alidade portion. The tUt predictor is coupled to a screen that disphiys 
the measurement results to the user. 



Summary 
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An aspect of the invention relates to &e problem of ftirdier simplifying the task for 
the operator of a surveying instrument^ while enabling reduced production costs for 
such a surveying instrument 

5 

According to an embodiment of the invention this problem is addressed by an eiror 
GompensatiGn system for a surveying ii^trument comprising: 

an automatic eiror measurement system for detecting a tilt error and an error 
due to medbaiucal imperfections in said surveying instrument, 
10 a controller adapted to automaticatly compensate for said detected enors so as 

to improve an operatii^ accuracy of said surveying instrument 

This sohition advantageously causes a sight line of Aie suiveying insfinmrat to move 
in a vertical direction wadi reduced CM* eliminated deviation fiom 
1 5 response to a changed vertical reference vatae. According to an embodimat said 
controller co-opemtes with said automatic eiror measuiement system so as to cause a 
sight line of said surveying instrument to move in a vertical direction in response to 
manual control of a vertical direction reference value (Ry) wherain the ©ror fiom 
true verficaUty is less than a predetermined amoimt 

20 

likewise, this solution advantageously causes the sight line to move in a horizontal 
direction with reduced or eliminated deviation from true horizontaUty in response to 
a manually changed horizontal reference value, Accordmg to an embodiment said 
conlroUer co-operates with said automatic error measurement systrai to cause a 
y 25 pomt, on a sight line, at an arbitrary fixed distance from said suivqring instrument to 
move in a horizontal direction in response to manual control of a horizontal direction 
reference value (Rh) wheitdn flie error from true horizontal is less than a 
predetemuned amount. 

30 The magnitude of a predetermtoed threshold value Dp determines the vertical and/or 
horizontal accuracy of the aim achieved. According to anembodiment the threshold 
value Dp concsponds to an angle often arcseconds or less, AcoonUi^ m another 
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embodiment the threshold value Dp corresponds to an angle of one aicsecond or less. 
According to a pxeferred embodiment the threshold value corresponds to an angle 
of one third of an aicsecond According to a most preferred embodiment the 
threshold value Dp corresponds to an angle of less flian one third of an arcsecond. 
This is advantageous to the user of the surveying instrument, for example when 
inspecting structures such as buildings, *'as built". A surveying instrument equipped 
witti the error compensation system according to the invention simplifies tiiie task of 
mspecting structures by making it easier to ascertam e.g. whether a wall is truly 
vertical. Moreover, the error compensation system according to the inveantion 
makesit possible for the manufacturer of fte sisveying histrument to allow larger 
mechanic^ imperfections in said surveyiug instrument without any negative 
consequences to the customer or user. For example, the manufacturer can allow a 
larger inmnlon axis eiror in the surveying uistrument. This aHows for simplified 
production, which in turn reduces production costs. According to an embodiment of 
the invention the detected enrors include tat errors as well as atrunnion axis error. 
The above mentioned problem is also addressed by a method of bpexating a 
surveying instrument having a movable mut that is conirallably lotatable around a 
first axis and around a second axis, wherein said second axis may be xnaccuiately 
positioned so that it deviates from a true vertical axis, and said first axis may deviate 
from being orthogonal to the second axis; the metfiod comprising the stq>5 of: 

a) setting a horizontal reference value indicative of a desired horizontal 
orientation of said movable unit 20; 

b) detecting a horizontal orientation value Hs indicative of a cunwit 
rotational orientation around said second axis 90; 

c) receiving a horizontal orientation correction value Hec; DH indicative of 
a horizontal orientation deviation of said movable unit 20; wheiein said horizontal 
orientation correction value Hbc; DH is generated m dependence of a transverae 
plumb error vahie P,; p'g said transverse plumb enor value P,; F, bemg dependent on 
said horizontal orientation of said movable UQit 20; and 

wheinein said recdved horizontal orientation correction value Hec; DH w 
dependent on die vertical orientation V of tiw movable unH 20 so as to compensate 
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for horizcmtal orientation deviations Htm may occur as a consequence of pivoting 
around said first axis 50; 

d) genemtuog a horizontal position value H indicative of a cuimit 
horizontal orientation of said nuivable unit 20 in lesponse to said horizontal 
orientation value H$ and said horizontal orientation correction vahie H^c; I^H; 

e) generating a faorizontBl ettox value Cn in dependence on said horizontal 
position value (H) and said horisootal refbrence vahie Hh; 

£) atttoniaticB% controlling the horizontal orientation of the movable unit 

(20) in dqpmdence of said horizontal eirarvahieeH. . 

This solution allows for larger mechaaieai inaccuracy in flie MHVfying iTOlnimfnt 
whiie achieving improved accuracy in the aimii^ of tiie instrument Moieover, this 
solution enables an operator to aim in a desired direction with less zequoed user 
interaction. For example, v*»n an operator wishes to move the aim of Ae sight line 
from a first target in a first horizontal direction and a first veitica! direcfion to a 
second target in Ihe same horizontal direction but at a different second vertical 
direction; Then this me&od enables ttie operator to achieve that goal by the simple 
action of operating a vertical control knob only so as to change the vertical reference 
value. Whereas a prior art instrumerit, wheii being operated with the vertical control 
knob only, causes a slight shift in the horizontal aim due to inherent mechanical 
inaccuracies m the histtument and to leveling errors, the instrument accordti^ to an 
embodim«rt of die incvention ccmipensates for such inaccuracies. 

AddidonaUy this solution advantageously also allows for lower production costs of 
the surviqmg inatnnneni, since the need £br mechanical Iriinmii^g of 
in connecdon with its production may be eliminated, or at least induced. 



Moreover, this solution enables mamifiuitnie of amore sturdy and stable surveying 
instnimeot, since some mechanical trimming nteans can be eliminated. Such 

mechftninal tin m mi tip m^^r%e> ^Am^ »^..t— _^«^« ^ « . . ' 



mechanical trimming means are often vuhierable to mechanical droek, which nay 
renderareduced accuracy when uflinga8urv«^yir« instrument with suiihmed^ 
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friimniBg meand dfier having exposed it to mtehanical shock e.g. by hringbig it on a 
bumpy ride in a cor. 

Rather tiiaa mechanically trimming the snrv&ying instmment to adjiist e.g. the 
5 mutual position of the first axis and second axis in comiection with manufacture^ the 
aim of the surveying instrument according to an aspect of the invention is 
automatically a^iusted so as to con^>ensate for any meehanical mrors. The 
elimination of mechanical trimming means reduces the mechanical con^>lexity of the 
instroment and it eliminates or reduces the need for mecluuQicai trimminig during the 

1 0 production of the surveying instrument Therefore this solution allows for lower 
production costs. This is because the eiror determination mechanism is not subject 
to die mechanically induced enrors mherent in the fundamental design of tiie 
instrument, but is totally independent. By detrnnining the exact enror as a function 
of the two different axes of rotation, relative to an indqiendent reference system, and 

15 automatlcBlIy incoiporating the corrections needed to ^lactly compdosate for the 
mechanical mrors, the invention produces an improved level of accuracy in the 
actual measuiementSy and tme orthogonality of axis movement; this in turn 
produces much greater conformity to tme vertical and horizontal repositioning by 
the user. 

20 

This solution makes it possible to accurately indicate a vertical line on a wall using 
ttie appamtus according to an aspect of the invention, even whea the apparatus is 
mounted in a non-ideal position, e.g. if the apparatus is not exactly leveled. 

25 A special q>plicatton of this feature arises when setting out a horizontal direction 
that is exacUy opposite to a given hori2ontal direction. This can traditionally be 
achieved by turmng only flie vertical motion knob to change the vertical angle 
qqnoximo^y 180 degrees. Provided diat the axes in the instrument are perfectly 
positioned, the new horizoiital direction will be macfly opposite the referaoce 
30 direction. If not, the horizontal aim has to be acyustedto achieve the goal. 



Brief Descriptiou of the Drawings 
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For simple ixaderstanding of the present invention^ it will be described by means of 
examples and widi reference to the accbiopanying dravvings, of which 

Figure 1 is a firont view of a surveying instrument according to an mbodiment of the 
invention. 

Figure 2A is a view as seen looking in flie direction of airow 130 in Figure 1, 
illustrating various axes in the surveying instrument 

Figure 2B ilinstiates the angular direction (H. V) of the sight line, v/bm the 
surveying Insirument is aimed at a laiget for the purpose of petfonning a 
measurement. 

Figure 2C is a view as seen looking in tte dizection of arrow 140 in Figure 1» for 
illustrating die Horizontal ColUmation enor in the surv^yiiig instrummt of Figure 
1. 

Figure 2D illustrates fhe trunnion axis error T as seen in the same perspective as the 
observer sees Figure I . 

Figure 2E illustrates the second axis 90, a truly vertical line ISS and the trunnion 
axis 50 as seen in flie perspective the observer sees Figure 1 . An angular deviation, 
as illustrated in Figure 2E, between the vertical line 155 and the second axis 90 is 
draotedPj. 

Figure 2F illustrates flie second axis 90 in a pmpective perpendicular to the 
perspective of Figure 2E, An angular deviation, as illustrated in Figure 2F, between 
the vertical line ISS and the second axis 90 is denoted Pq. 

Figure 3 shows a schematic block: diagram of a first embodiment of a control system 
200 for use in a surveying instrument of the type shown in Figure 1 , 
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Figure 4 is a fHow chart illuslxBting an embodiment of a method of operating a 
surveying instrument when the surveying instrument comprises a control system as 
described with reference to Figure 3 . 

s 

Figure S shows a schematic block diagram of a second embodhnent of a control 
system for use in a surveying insthmient of ttie type 

Figures 6 and 7 are flow charts illustrating an embodiment of a method of opmting 
10 the control system according to Figure S. 

Detoiled Deseription of EmbodimentB 

In the following description similar feanires in different embodiments will be 
15 indicated by the same reference numetals. 

Figure 1 shows a firont view of a surveying instruinent 10 of the type commonly 
refexTcd to as a totail station or theodolite. An embodiment 10 of a surveying 
instrument according to the invention includes a movable imit 20, comprislDg optical 
2 0 equipment, as represented by a lens 30. The movable unit 20 is supported in a 

housing 40 in such a maimer that it is pivotable relative to the housing 40 around a 
fifst axis S0» as indicated by double arrow 60. The first axis SO may also be referred 
to as the trumiion axis. 

2 5 The housing 40 comprises a lov/er portion 70 by means of which it is 5iq>ported on a 
base 80 in such a manner that lower portion 70 is rotatable relative to the base 80 
around a second axis 90, as indicated double arrow 100. The housing 40 may also 
be referred to as the alidade portioA 40. 

30 Thus, by rotathig the movable unit 20 around the two axes SO and 90 the movable 
unit 20 can be oriented in any desired position for the purpose of carrying out an 
intended surveying operation. 
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For movement of the movable unit 20 around the tuds SO there is provided a drive 
arrangement 1 10 in the housing 40, and for movement of tiie housing 40 and the 
movable unit 20 around the axis 90 there is provided a similar drive arrangement 120 
in the lower portion 70 of housing 40. 

During operation the surveying instrument 10 may be set up so ttiat the second axis 
90 extends in a substantially vertical direction (Figure 1). For example, the surveying 
instrument 10 may^ during operation, be si4>ported via the base SO oil a stand 122. 
B^een the stand 1 22 and the base 80 there may be provided acguslers 124 jfbr 
enabling leveling of base 80 in relation to the stand 122* The uidividual adjusters 
124, provided between the stand 122 and the base 80, may be expandable and 
eontractible to enable setting so that the second axis 90 extends in a subsiantiany 
VKtical direction (Figure 1). 

Figure 2A is a view as seen looking in the direction of anow 130 in Figure 1 . Figure 
2A illustrates various axes in the surveying instrument The movable unit 20 (Figure 
1) comprises optical equipment, as represented by the lens 30, and a haircross 32 
(Figure 2A) defining a sigjit line 1 28. The sight Une 128 may bo aimed at a target for 
the purpose of performing a measurement. With reference to Figure 2 A, the sight 
line 128 would, in an ideal case, always be peipendicular to tnmnion axis 50. 

Moreover, the tnmnion axis 50 would, in an ideal case, always be perpendicular to 
the second axis 90. 

Figure 2B iUustrates the angular duection (H, V) of die sight line, vdienlhe 
surveying instnunent 10 is aimed at a target 141 for the purpose of performmg a 
measurement. Figure 2B illustrates a (non-realistic) ideal case, Le. when second axis 
90 is exactly vertical, the trmmion axis 50 is exacdy perpendicular to axis 90, and 
the sight line 128 is exacdy jperpendicular to tnmnion axis SO. 
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Uafoitunatdy, in a real case, there will alv^s exist some mechanical imperfections. 
These imperfections, albeit minute, may cause the directioa of the sight line 128 to 
deviate ftom the perpendicular angle in relation to trunnion axis 50. TMs angular 
deviati<si is herein referred to as the Horizontal Collimation error Ch. Figure 2C is 
5 an illustration the Horizontal Collimation error C|, in the surveying instrument 1 0. 
Figure 2C is a view as seen looking in the direction of arrow 140 in Figure 1 . In 
other words. Figure 2C is a view as seen looking down tfie verti<»I rotadon axis 90 
in Fig. 1 . As illustrated in Figure 2C, an axis ISO is perpendicular to the trannion 
axis SO in the Horizomal plane, and die Horizontal ColUmation enrar u the angle 
10 between axis 150 and the sight line 128. The value of the Horizontal Collimation 
«rrmr Ch tody be afgusted by trinunii^ the position of the haiicross 32 (Fig 2A) in 
reladoniD the lens 30. Any rnnaining Horizontal Collimaticm enorC^ can be 
conq)Gnsated for in the manna: described below. 

15 The dq)arture firom right angles between die tzunnion axia SO and tiie second axis 90 
is herein refewed to as die Trunnion axis cmnrT. Figure 2D Ulustrates die Trunnion 
axis error T as seen in the same perspective as the observer sees Figure 1 . As 
illustrated in Figure 2D, an axis 154 is peipendicular to the second axis 90, and die 
Trunnion axis error T is die angle between axis 154 and die trunnion axis 50. The 

20 vahie of die Trunnion axis error T may be adjusted by trimming die position of one 
bearing position of die Trunnion axis (Fig 1 and Fig. 2D) in relation to the second 
axis 90. Any remainii^ Tnmnion axis aror T can be compensated in die manner 
described bdow. 



25 



30 



Witk reference to Figure 1, die at^ustei^ 1 24 should ideally be set so tfiat axis 90 is 
vertical. Unfiortunatety, however, then: wiH often be deviations in ateal case. Figaie 

2E iUustrates die second axis 90. a truly vertical line 155 and dw trunnion axis 50 as 
seen in die perspective die obseiver sees Figure 1 . An angular deviation, as 
illustrated in Figure 2E, between die vertical line 155 and die second axis 90 is 
denoted Pj. Figure 2F illustrates the second axis 90 and du: truly vaitfcal line 155 as 
seen in die direction of airow 1 30 in Fig 1 . Hence Figure 2F iUustrates die second 
axis 90 in a perspective perpendicular to die perspective of Figure 2E. An angubr 
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deviation, as illustrated in Figure 2F, between flie veitical line 155 and the second 
axis 90 is denoted Pn. The angular deviations Pi and Pn taken togetiiier are herein 
referred to as the total plumb error. Hence> the total plumb eiror may be described by 
the combination of two angular values P| and P||. The plumb error values Pi and 
5 may be adjusted and reduced by means of the adjusters 124 (Figure 1). 

A jam embPtfjipient Qf ^ Wfltrol SH^^ 

Figure 3 shows a schematic block diagram of a first embodiment of a control system 
10 200 for use in a surveying instrument 10 of the type shown in Figure 1. 

As mdicaied above, driver 1 10 is BdspteA to cause flie movement of the movable unit 
20 around the first axis 50, also rdTerred to as the trunnion axis. The angle of 
deviatioi] of the sight line from a truly verticai line is herein denoted V. Hence, 
IS activation of driver 1 10 is the main cause fyr change of the angle V. 

Likewise, driver 120 causes the movement of the housing 40 around the second axis 
90. The angjc H is the angular deviation ftom a horizontal reference direction. The 
reference direction may, e.g. be the direction towards north. Hence, activation of 
20 driver 120 is the main cause for change of the angle H. 

Control of vertical output value V 

WiA reforace to figure 3, a sensor 210 is provided for detecting the vertically 
25 angular position of the movable unit 20 relative to die aiidade portion 40. The signal 
generated by sensor 210 Is denoted Vs. The sensor 210 is connected to a controller 
500 for delivering the detected signal Vs as a negative feedback in the control of 
driver 110. The controller SOO has an input S 10 for a vertical reference signal Ry. 
According to one embodiment the v^cal reference signal Ry is generated by user 
3 0 interaction* e,g. when a user turns a control knob 320. According to another 
embodiment the vertical reference signal value Ry is derived firom co-ordinates 
indicating a desired orientation of movable unit 20. 
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The sensor 210 is also connected to a calculation unit 220 for delivering the detected 
signal Vs. The calculation unit 220 is adapted to generate the veixical angle value V 
and the horizontal angle value H, in the manner indicated below. 

5 

The calculation unit 220 emprises a first calculator 230 having an input 240 for 
receiving the detected veitical signal Vs. The fi»t calculator 230 also has an nq;iut 
260 for receiving a signal indicadve of a Vertical index Vp, and input 270 ftar 
receiving an signal indicative of a longitudtnai phunb error P V. 

10 

Plumb eiTor vahies Py and Pn may be measuied by means of electronic tilt sensors 
222 and 224, respectively. The tilt sensors 222, 224 are typically integrated faito the 
total station^ and the data from the tilt sensors may be visually displayed to the mer 
on a screen present on fhe total station. Plumb eiror values P| and Pu may also be 
15 referred to as tilt eiTor values, 

Acconfing to one raibodiment an electronic tilt sensor 222, 224 is comprised of a 
vial fined with fluid. The fluid in die vial is fiee to move» so that if flie tilt sensors 
are not level, fhc level of the fluid in the vial is diffiorent fiom the fluid level if (tie tilt 
sensors are leveL In another embodiment, an electronic tilt sensor 222, 224 includes 
elem^ts suspended by wires that are used to detmnine the relationship between the 
vertical axis of the instniment and die tnie vertical line. The amount of tilt is 
measured in arc-seconds. Typical electronic tilt sensors are capable of measurements 
within one (1) arc-second of angle. 

According to an embodiment of die invendon die surveying instrument 10 inchides: 
a housing 40, also refenred to as alidade portion 40; tilt sensors 222, 224 coupled to 
said alidade portion, and a tflt predictor 226 adapted to predict degrw of tih of said 
rotational alidade portion corresponding to a rotational orientation of said rotational 
alidade portion. This is described in more detml in US 6.138,367, the content of 
which is hereby incorporated by reference. The predicted degree of tilt is defined by 
fhe combination of the two angular values P'l and P'„. 
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In the embodiment shovyn an Figure 3» the inpol 270 in coupled to receive the 
predicted longitudinal plumb enbr value Fq flhom die tilt predictor 226. 

5 According to another embodiment a tilt sensor delivers a lougitudioal plumb enor . 
value P|| directly on the input 270. 

An advantage attained by the use of a tilt predictor is the provision of a substantially 
instamaneous information of the tilt status. By contiast, a tilt sensor as such is 
10 i^latively slow, and the output has to stabilize before being read, wherefore the 

movable unit 20 would have to remain immobile for a while before the output of the 
tilt s^sor becomes reliable. 

According to an embodiment of the invention the first calculatDr 230 generates an 
1 5 output signal V in accordance with the foUbmring equation: 

V=-V8 + Vp + P'h (1) 

wherein Vp is a vcaiical index value. 
The value of Vp can be selected e.g. such tibat the output signal V is 90 degrees 
when fbe movable unit 20 is aimed such that the sig^t line 128 is horizontaL 

20 

The output signal V is delivered to device 530. The device S30 includes a memory 
havhig a first memory position 540 for a vertical start value VA, and a second 
memory position 550 for storing a vertical »d value. The control sy$t^ 200A also 
includes a user inpiit device 560. The method of operation of the control system 
2 5 200A is described in detail with reference to Figure 4 below. 



30 



It is to be noted that the presence of a longitudinal plumb error value P n in equation 
(1) inherently renders the w^cal orientation of tfie movable unit 20 dependent on its 
horizontal orientation, when the longitudinal plumb error value Pn deviates fiom 
zero. This conclusion is due to the &ct tiiat die value of the longitudinal plumb error 
Pn varies in r^onse to rotation around the seccmd axis 90. The solution according 
to an aspect of the invention compensates for this inherent drawback by providing a 
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control system wifh a negative feedback, wherein a feedback value V is i^pcnsive 
to the longitudinal plumb eiror value Pn, As described below in connection with 
Figure 4, the value V can be differentiated to generate a vertical orientation 
correction value DV to be used in control of tiic vertical orientation of tiie movable 
5 unit 20. Thus an error in vertical orientation of the movable unit, dependent on the 
horizontal position of the movable unit, can be compensated. This advantageous 
result is clearly Illustrated by the Figure 3, showing 

" that the predictor 226 can calculate the longitudinal plumb error value 
P*n in response to the detected horizontal position Hs, 
10 - that the first calculator 230 calculates the value V in response to the 

predicted longitudinal plumb error value Pn, 

that an aim coirector 665 can generale a value DV indicative of a 
vertical deviation, wherein the value DV dqsends cm changes in tiiie value V; 

- that the vahie DV is used as a negative feedback sigzial in controller 
15 500 for adjusting &ev^cal aim. 



Control of horizontal output value H 

2 0 With reference to figure 3, a sensor 320 is provided for detecting Ihe horizontal 
angular position of the housing 40 relative to the base 80. The signal generated by 
sensor 320 is dieted Hs. The sensor 320 is connected to a controller 600 &r 
delivering the detected signal Hs as a negative feedback in the control of driver 120. 
The controller 600 has an input 610 for a horizontal reference signal R{|. According 

25 to one embodiment the horizontal reference signal Rh is geneiatGd by user 
interaction, e,g. when a user turns a control kbob 620. According to another 
embodiment the horizontal reference signal value is derived fiom co-oidioates 
indicatiiig a desired orientation of movable unit 20. 



30 



The sensor 320 is also connected to the calcolalion luiit 220 for deliyeiing the 
detected signal Hs. The calculation unit 220 is adapted to generate horizontal angle 
value H, in the manner indicated below. 
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The calculation unit 220 comprises a second calculator 330 having an iitpm 340 for 
receiving the detected horizontal signal Hs. The second calculator 330 also has an 
izqiut 350 tor receiving a calibration valve indicative of a horizontal coUhnation em»r 
Ch> and an input 360 for receiving a value indicative of a preset horizontal angle 
and an mput 370 for receiving an signal indicative of a transverse plomb enor Pi. In 
the embodinoient shown in Figure 3, the iiqmt 370 in coupled to receive a predictol 
transverse plumb error value P*7 finom the tilt predictor 226. A tilt predictor 
advantageously provides substantially instantaneous information of the tilt stams, as 
mentioned above. 



According to another embodiment the transverse plun^b error Pj is received directly 
fiom a tilt sensor 222. 

15 The second calculator 330 also has an ixqmt 372 for receiving a value indicative of a 
tnumionaxiserrcnrT. According to an dnbodimentoffhe invention the second 
calculator 330 generates an output signal H in accordance with &e following 
equation: 

H = Hs + Hp + CH/sinV + (T+PO*cotV (2) 
2 0 wherein Hp is a reference value* 



25 



Hie value of Hp can be defined by the user e.g. by aiming tbc movable unit 20 at a 
Icnown rei^^nce target; and entering the horizontal angle to be displayed when die 
movable unit 20 is aimed towards that reference taiget The user may for example 
aim due north, and enter "^zero** as the value H to be displayed for that horizontal 
angular position. 
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The output signal H is delivered to device 630. The device 630 includes a memory 
having a first memory position 640 for a horizcmtal start value Ha» and a second 
memory position 6S0 for storing a horizontal end value Hb. 
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The device? 530 and 630 are cofkipled to an aini corrector 665. The aim corrector 665 
is coupled to controllers 500 and 600, respectively, so a$ to enable adjustment of 
vertical and horizontal aim, respectively. The user interface 560 is also cotq)led to 
the aun conrector 665. A method of operating the surveying instrument 10 and the 
5 control system 200 is described in with reference to Figute 4 below. 

According to an eoibodxmenlofllie invention, the surv'^i^ lOalso 
conqptises a display 670 by means of wUdbi a user can read die measuied values V 
and respecdvely. 

10 

It 15 to be noted that the presence of output signal value V in equation (2) illustrates 
that the horizontal orientation of the movable unit 20 is inherently dqsendent on its 
v^cal orientation. The solution according to an aspect of the invention 
compensates for this itiherent drawback by providing a control system witii a 

15 negative feedback, vidia:ein a feedback value H is responsive to the output signal 
value V. As described below in connection wilii Figure 4» the value H can be 
diflfecemiated to generate a borizontal orientation correction value DH to be used in 
control of die horizontal orientation of the movable imlt 20. Thus an ern>r in 
horizontal orientation of the movable unit, dependent on die vertical position of the 

2 0 movable unit, can be comjiensated. This advant^ous result ia clearly illusttated by 
the Figure 3, showing 

* that the second calculator 330 has an input for receiving the ou^ut 
signal value V. 

* that the aim cometor 665 can genmte a value DR indicative of a 
25 horizontal deviation, u4ijmin die value DHdqua^ 

* duit the value DH is used aa a negative feedback signal in controller 
500 for adjusting die horizontal aim. 
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A Method nf Operatipur ^ Rttrvevini^ Insfnnne^ 
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Figure 4 is a flow chart illustrating an embodiment of a method of operatiiig a 
surveying ixistrument 10 when the surveying instrument 1 0 comprises a control 
system as described with reference to Figure 3 . 

An operator wishing to perform a measurement may start by setting up the stand 1 22 
(See Fig.l) and a^usting ](be adjusters 124 so as to at least roughly level base 80 of 
the surveying instrument 10 in relation to a truly horizontal plane. The aimoftiiis 
leveling may be to set flie second axis 90 so that it is substantially vertical. 

The operator may perform a set-up procedure for establishing the relevant values of 
Horizontal CoUimation error Ch and Trunnion axis error T, According to a prefeired 
embodunent the set-up procedure also Includes initiation of the tilt predictor so as to 
enable quick and accurate delivery of relevant predicted plumb error values P', and 
P 0 for any rotational position subsequendy selected. In figure 4 a box S5 illustiates 
this set-up procedure. 

In order to establish the error value Qh the ins tnmient 1 0 ia aimed at first target, and 
tfie calculation unit 220 delivers angular vahic»s V and H. These vahies are stared. In 
a subsequent step the instrument 10 is operated so as cause the driver 120 to turn Ae 
movable unit half a revolution in the horizontal sense, and so as cause the driver 1 10 
to turn the movable unit in the vertical sense, to an ahn very dose to the first target 
Thereafter the instrument is finely adjusted to aiming at the firet target agam, and 
reading the angular vdues V and H deUvered by calculation unit 220. A numerical 
value repr^mtativB of Ae error vahic Ch can be calculated in response to these 
measurement values. The first target should preferably be selected so that the sight 
line is loiii^y horizontal for ftic purpose of achievhig an accurate measoie of flie 
error value C^. The established Hmzontal CoIUmati<m emir Ch is stored in a 
memory 3SS. 



A second set-up procedure, simitar to the set-up procedure described above, may be 
used for the purpose of establishit^ auumerical vatae for the trunmon error T, This 
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second procedure, however, uses a taiget that is not close to the horizontal plane. 
The established value for die tramuon eiror T is stored in a memoxy 375. 

When the set-up procedure has been perfonned tibie calculation unit 220 of surveying 
instrument 10 ddUveis aiigular values V and Hwitih an ^dvantageous^^ 
of accuracy. 

Thereafter the opemtor may operate the control knobs 520 and 620 so as to aim the 
sight line 128 onto a reference point (SIO). Once the instrument is aimed at the 
reference point* the sensors described above will deliver relevant ii^jut signals to the 
calculation unit 220, resulting in a dcKvciy of angular values V and H, respeclivdy 
on the outputs of calculation unit 220. 

A vexttcal aim lock function 

Desiring to change the horizontal aim H by a certain ai%Ie» while intending to 
maintain unchanged veitical aim V, the operator may now sdect a fimctidn ^'vertical 
aim lock" (step S20). This flmction mvy be selected by means of a user interface 560 
(Fig.3). Selection of the vertical aun lock ibnction tdls the surveying Instrum^ 10 
to make automated corrections Sot any deviations in vertical aim. 

The selection of fimction Vertical aim lock" causes the device 530 to receive the 
angular values of the present aim. Hence, it may be advantageous to aim at a 
reference targfi^ before selection of fimction "vertical aim lock". Moreovw, the 
device 530 reads the value V (See Fig 3), here denoted V^. and stores that value m 
the memory location 540. Similariy, the device 630 reads the value H, hem denoted 
Ha and stores the value in the memory location 640. At this stage the opemtor 
may also be able to read the measured angular vahies V«Va. H=Ha in the display 
670 (Figure 3). 



In a stq> S30 the operator may turn the knob 620 for changing the horizontal ahn by 
a certain angle, while intending to maintain unchanged vertic^ 
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operator may tuni only the control knob 620 (Figure 3) for causing ttie movable part 
20 to rotate around the second axis 90, as indicated by double arrow 100 (Fig. 1). 
When the operator has attained the desired horizontal positioning Hb of the 
instrument, the above mentioned mechanical imperfections may have caused a small» 
but measurable change ixi vertical aim. In other words, the operation of the 
"horizontal" control knob 620 may cause an unint^onal or inadvertoEit change in 
vertical aim. 

According to an embodiment of fhe invendon the values V, H on the outputs of 
calculadon unit 220 are automatically read by devices 530. 630, and these values are 
stored in memory locations 550 and 650, respectively. The values stored in memory 
locations 550 and 650 are herein referred to as and Hb, re^ectively. Box S40 in 
Fig 4 illustrates this. 

In a subsequent stqp S50, Ae device 530 calculates the difference DV between the 
vahies and V^. and device 630 calculates the difierence DH between the vahies 
HaandHj,. 

DV-Vb-V^ 
DH = H|,-Ha 

The differential signal values DV, DH are deUvered to an aim corrector 665, When 
the function "v^cal aim lock" has been selected, the aim corrector 665 will deliver 
the differential signal value DV to controller 500 so as to adjust Ae vertical aim. The 
di£ferential signal value DV is added to the vertical position control loop so ibai the 
surveying instrumeot 10 automatically conipensates for all mechanical deviations in 
a servo drive ftshion. Hence, whm Ae operator has selected the function "vertical 
aim lock" the servo sysUm will aOow change in Hie horizontal ahn only, and any 
undesired changes to the vertical aim will be automaticaUy conqicnsated. 

This method simplifies the woric for the operator in that the operator cam take an aim 
at any selected reference target, and then directly achieve a vertically correct aim in 
another horizontal direction. Hence, according to an aspect of the inventiOT. any 
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Imperfections inherent in the mechanical constcujction causing a chaiige in the 
vertical positioning V will be compensated As indicated abovci the compensation in 
the aim can be calculated in accoirdance witti equation (1) above in conjunctioii vriOx 
the procedure described above. 

A horizonta l flim ftmction 

Likewise ifiho piocedure is made wifb the puxpose of adjusting only tihe vertical 
aim, i.e. operating only the knob 520, this may cause a non-desired change in the 
horizontal aim H, due to the above mentioned mechanical imperifections. In a 
manner analogous to the manner described above, the opemtor may then select a 
flinction "horizont^ aim lock" by means of the user interfiice. Selection of this 
function tells the surveying instrument 10 to make automated coirections for any 
deviations in horizontal aim. Vifhea. tfie function '^horizontal aim lock" has been 
selected, the aim corrector ^65 will deliver the diiTeEcntsal signal value DH to 
controller 600 so as to adjust the horizontal aim (step S70)* 

According to an embodimeaot of the invention the "horizomal aim lock" fimction 
comprises Ae steps of: 

generating a horizontal reference value for mHt<*jiri«g a sdected 
horizontal orientation of said movable unit 20; 

activating a horizontal aim lock fimction of the surveying instrament 
(10) for mamtaining said selected horizontal orientation; 

pivoting said movable unit 20 around said first axis 50 so as to chaoge a 
vortical orientation of said movable unit 20; 

detecting a horizontal orientation vahie related to rotation axound 
said sec<md axis 90; 

receiving a horizontal error value DH indicative of a horizontal 
orientation deviation; said horizontal caror value DH being dependent on said 
detected horizontal orientation value Hs; 

automatically controlling a horizontal orientation of Ac movable unit 20 
in dependence of said horizontal rcfianence value Rn and said horizontal error vahxe 
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DH wherew said horizontal eiror value DH is dependent on due veitical orientation 
of fhe movable paxt 20. 

Hie difTemitial signal values DV, DH may be ddivered to the display 670 (See 
Figure 3 and stq> S60 in Fig 4) enabling the operator to read the values DV, DH ux 
real fime^ orwith apredetennined delay for the purpose cd^oiabling 
improved readahilily. 



10 A Secmd F^hn^i^fti^ f>f a Confaot System 

Figure 5 shows a schematic block digram of a second embodiment 200B of a 
control systrni for use in a surveying instrument 10 of the type shown in Figure h 
The control system 20QB opmtes to control Oie drive arrangements 1 10 and 120» 
15 respectively. 

Vertical aim 

The control system 200B according to the second embodimeiit Includes a vertical 
2 0 sensor 210 delivering a detected signal Vs to an input 271 of a vertical position, 
generator 272. The vertical position generator 272 also has an input 273 for 
receiving a vertical error connection value Vgc. The vertical position generator 272 
generates an accurate vertical position value V in response to the values lecdved on 
the inputs 271 and 273. 



25 



The output signal V is delivered to an input 274 of a first controller 280, The first 
controller 280 also conqxrises an input 290 for a reference signal value Rv vvidcb 
may be set by a user or operator. Ihe reference signal value Rv ia indicative of a 
desired value for the output value V. 



30 
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An error sigpoal is gwecated in the fiist controller 280 as a difEerence between tbe 
reference signal value Rv aad tbe output signal V. The error signal is delivered to 
a regulator 300. The regulator 300 has an ou^ut 310 for a vertical control signal Vc. 



5 Tbe vertical control signal Vc is delivered to the drive arrangement 1 10 for causing 
an appropriate movement of the movable unit 20 around the trunnion axis SO. In this 
manner the control system 200B controls the vertical aim in response to the vertiael 
reference signal value Ky, vavdg Ac accurate vertical position value V gmerated by. 
the v^cal position generator 272. 
10 - 

The vertical error correction value Vgc is generated by an OTor coxrection genemtor 
292 in dependence of the vertical index Vp and tbe vertical pliunb error value Pyf. 
According to an aspect of tlie invention the value Vee is calculated as: 

« VEc«Vp-fp'„ 

The values of the vertical index Vp and die vertical plumb error Pg may be attamed 
and delivered to the error correction genmtor 292 in the same manners as described 
above tn connection witti fbe earlier described embodiment. The value of Vp can be 
selected e.g. such that the output signal V is 90 degrees when the movable unit 20 is 
aimed such that the sight line 1 28 is hori9ontal. In a prefened embodiment &e 
vertical plumb error vahie is a predicted value PV delivered by a predictor 226, as 
described above. A tilt predictor advantageously provides substantially instantaneous 
infottmation of the tilt status, as mentioned above. 

A horizontal sensor 320 delivers a detected signal Hs to an ij^ut 371 of a horizontal 
position generator 372. The horirontal position generator 372 also has an iiqnrt 373 
for receiving a horizontal error correction value H^c. The horizontal position 
generator 372 generates an accurate horizontal position vahie H in response to the 
values received on the inputs 371 and 373, Horizontal control may be achieved in 
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the same manner as described for vertical control above, involving: an input 374 of 
a contxotter 380 comprising an input 390 for a reference signal value Rh which may 
be set by a user or operator; and an error signal e^i generated dependent on a 
difference between the reference signal value Rh and the accurate horizontal position 
5 value H; a regulator 400 having an output 410 for a horizontal control signal He for 
controlling a drive arrangement 120 for causing an appropriate movmmt of the 
housing 40 around the second axis 90. 

In this manner the control system 200B controls the horizontal aim in response to the 
10 horizontal reference signal value R^, using the accurate horizontal position value H 
geneiaied by the horizontal pi»ition gcaearatOT 

A horizontal correction generator 412 generates the horizontal error correction value 
Hsc* According to an aspect of the invention die value Hhc is calculated as: 

15 

Hi^ « Hp + Ca/shiV + (T +P'0* cotV 
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whmin Hp is a constant defining the angular position whm the output signal H is 
zero. 

The values of the horizontol index Hp, tnnmion axis cnor T and the horizontal plumb 
error may be attained in the same manners as described above in connection with the 
earlier described embodiments. The attained values of Hp, Ch^T and P\ are delivered 
to the error correction generator 4 12, wUch in turn operates to gen^ 
connection value in respmise diereof. In a pmfened embodiment the horizontal 
plumb emar value is a predicted value P\ deU v^ed by a predictor 226, as described 
above. 



30 



An operator may control die refiarence signal values Rv and R«. Accoiding to one 
version of the invoition the signal Ry is generated by a first control knob, Shnilarly 
the signal Rr may be generated by a second control knob. 
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With refi^nce to Figure 5, control system 200B includes a positional control loop 
section 700. The positional control loop section 700 can operate at a high update rate 
to achieve &st and accurate control of the aim of the movable part 20, as described 
wittt reference to Figure 6 below. 

The error coirectiDn values Veq and H^q may be generated at a lower iq^date fate> as 
described with reference to Figure 7 below. Hence the error correction graemCors 
292 and 412 may be included in an eiror coxrection section 710 of tibe control system 
200B. 

According to a preferred embodiment of the invention the positional control loop 
section 700 includes a first data processing unit, and the error correction section 710 
includes a second data processmg unit; wherein the first data processing unit has a 
higher data pocessing capacity than the second data processing unit According to 
another embodiment the sections 700 and 710 may operate with other relations 
between their data processing cq^acities. 

A m«fliqd nf ^ftrnth^pr a p urveying instnm^ ei^t 

Figures 6 and 7 are flow charts iUustmting an embodim»t of a method of opemtiqg 
the control system according to Figure S. 

With reference to Figure 6, an operator may perfonn a set-up procedure s5, as 
described ^bove before starting to make measurements. The detectors 210, 320 will 
deliver signals Vs, Hs indicating the detected auh (step S 1 1 0), The position vahie 
genemtors 272 and 372 will receive mor conection values md Hgc, 
respectively, as indicated by box sl20 u& Figure 6. ia response to the detected aim 
and the relevant error correction value «te position value genmtm 272 and 372 will 
deliver accurate aim values V and H, respectively. The controUert 280, 380 receive 
reference values Rv and R„, respectively, which may be set by a user. This is 
iUustrated by step SI30 in Figure 6. 
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As iUustFated by step si 40 in Figure 6, the contrcllers 280, 380 operate to control the 
aim, that i$ the positioning of the movable unit 20 (Figure I), in response to the 
accorate aim values V and Hp respectively, and the relevant refeience values Rv and 

5 

The steps SI 10» S120, 5130 and S140 msy run in paralld for ttie vertical and the 
horizontal aim. After completion of step S140, the procedure is repeated again. 

According to one embodunent of the Invention, the method starts in response to a 
10 detected change in one of die received reference values Rr, Ry. This embodiment of 
a mediod according to the invention includes the steps of: 

a) setting a horizontal reference value R^ indicalive of a desired hOT^T^^T^nil 
orientation of fiaid movable unit 20; 

b) detectingahorizontalorientation value Hs indicative of a cmrent 
15 rotational orientation around said second axis 90; 

c) receiving a horizontal orientation collection value Hgc;DH indict 

a horizontal orimtadon deviation of said movable unit 20; iKAu»ein said horizontBl 
orientation comection value H^; DH is generated in dqiendence of a transverse 
plumb error value P,; P',; said transverse plumb enror vatoc Pj; F, behig dependent on 
2 0 said horisKintal orientation of said movable unit 20; and 

wherein said received horizontal orieotation cotrecdon value Hgc; DH is 
dep^dent on the vertical orientation V of die movable unit 20 so as to compensate 
for horizontal orientation deviations that may occur as a con5eq[tt««;e of pivoting 
around said first axis 50; 
25 d) geneniiing a horizontal position value H indicative of acurrenr 

horizontal orientation of said movable unit 20 in refuse to said horizontal 
orientation value Hs and said horizontal arientation conecdon value H^; DH; 
e) generating a horizontal error value Ch in dependence on said horizontal 

position value (H) and said horizontal reference value R„; 
^ ° ^ automatically controlling die horizontal orientation of the movable unit 

(20) in dependence of said horizontal eiror value en. 
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According to a prefixed embodimeat the method fUrther comprises: 
g) repeating steps b) to f) xintil said horizontal erroT value Ch is smalls than 

a predetermined threshold value Djr. 

5 The magnitude' of the predetennined threshold value Dp detemiines the accuracy of 
the aim achieved. Accordmg to an embodiment die threshold value Dp cotresponds 
to an ani^e often arcseconds or less. According to another embodimeat ttie threshold 
value Df corresponds to an angle of one aicsecond or less. According to a preferred 
embodiment the ^shold value corresponds to an an^e of one third of an 
10 arcsecond. According to a most prefenred embodiment ttie threshold value Dp 
corresponds to an angle of less than one third of an arcsecond. 

In a corresponding manner a method according to the invention achieves automatic 
control of the vertical orientation of the movable unit in dependence on the vertical 
1 5 error value Oy. According to a preferred embodiment the method comprises the step 

of confroUisig die vertical orientation of the nmvable unit so that en(or Ov 
a predetentuned piedetmriined flveshold value Dvr> 

Figure 7 illustrates a method of delivery of the error correction values Vsc and Heo 
20 respectivetsr. In a stesp S 21 0 error correction generator 292 receives the input values 
Vp and Pp. As mentioned above^ the vaUie of P*n can change in dependence of the 
cuin^it position of the alidade portion 40, but the rate of diange of the value P n is 
relatively slow. 

2 5 The error correction generator 292 genonates a vertical error correction valoe in 
response to the input values Vp and Fn (Step S220), and Ihe generated value is 
delivered (Stqi S230) to the position vahie genemfnr 272. 
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Steps S210, S220 and S230 may be an itemtive process so tfmt step S230 is followed 
by a new execution of steps S210» S220 and S230, as indicated in Figure 7. 
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The process of geneiating the horizontal error coirection value Hsb is perfoimed in 
the saoie manner, but on the basis of the izqiut signals T, P|» Ch, Hp, and V. 

The rate of change of flie eixor coxrectioxi vahies will, imder nonnal operation, be 
5 much smaller than Oie rate of change of the detected position value Vs or Hs in 

response to a changed reference value Ky or Rf|. It may therefore be advantageous to 
allocate more computer powear to -die executibn of the mediod described widi 
reference to Figure 6. lire separatiooofthe procedures for gmerating the mor 
correction vahies V^c and Ugc fiom the process of controlling the diivm 1 10, 120 
10 advantageously makes it possible to release conkputer power. His is achieved by 
executing the procedure described with reference to Figure 7 at a lower rate, while 
maintaining the a highly accurate control of the positioning. In other words> this 
separation of procedures makes it possible to achieve an accurately updated position 
value and servo control of the positioning with a lower demand on the hardware. 

AccoitUng to an embodiment the control loop 700 described widi referrace to Figure 
6 operates widi a iqpetitian fiequency exceedinig 100 times per second (iOOHz); 
whereas the procedure according to Figure 7 operates with less dian half of Oat 
repetition frequency. Acc(»rding to one version the emr conecdon values are 
20 updated at a rate of about oiie tenth of the rq)etition frequency of die control loop 
described with referoice to Figure 6, 



25 



According to a preferred embodiment the control loop described with reference to 
Figure 6 operates with a rq^etition frequency exceeding 1 000 times per second 
<1000Hz). 
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The dtt predictor 226 may be included in a third section 720, as illustmted in Figure 
S. The tilt predictor 226 may operate to tq)date predicted plumb error vahies P*| ami 
P n, respectively, at the same r^etidon frequency as enror conecdon values Hec and 
Vec ate iqpdated. 
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The sutveying instrument 10 (Figure 1) may include a laser adapted to send Ugbt in 
the directi(m of the sight Mne. When an opemtor changes the 
Rv, while maintaining a constant horizontal reference vahie, the laser light wB 
sweep in a tiuly vertical fashion. The method according to embodiments of this 
invention will therefore enable the drawing of a very accurately vertical line on a 
wall, since it allows for servo control to eliminate «ie influence of flje mechanical 
enors. Advantageously, the invention makes this possible even when the apparatus 
is mounted in a non-ideal position, eg. even if the apparatus is positioned so that the 
second axis 90 deviates Atom the ideal, truly vertical axis. 

Moreover, ihe surveying instrument ID according to the invention advantageously 
simplifies for a user to aim in a first compass bearing and to use the survqrfng 
instrument 10 for indicating a second compass bearing exactfy opposite said first 
con^ass bearing. A usor may. for example first aim due Norlh, and then achieve an 
15 aim in the true South compass bearing, by the simple action of pivoting the movable 
unit 20 around the first axis 50. This may be achieved by a mediod of opaating the 
surveying instrument 10; ttie method comprising the st^s of: 

setting a desired first horizontal orientation of said movable unit 20 so 
that a horizontal component of the aim of a sight line 128 of said surveying 
2 0 instrument 10 is directed in a first compass bearing; 

pivoting said movabUs unit 20 aroimd said first axis 50 so as to change a 
v^tical orientation of said movable unit 20 until said horizontal component of die 
afan of said sight line 128 of said surveying instrument 10 is directed in a second 
compass bearing; said second compass bearing dewiaiting firom said first compass 
25 bearing; 

genecatmg a hoiizontal position value H indicafive of a cunrent 
iKHrizonlal orientation of said movable unit 20 in response to a horizontal orientation 
coRectton value H^; said horizontal orientation conection value H^c being 
dependent on the vertical orientation V of the movable unit 20 so as to compensate 
for hotizoiital orientation deviations that may occur as a consequoice of pivoting 
around said first axis SO; 
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automatically controlUiig a horizonlal orientation of flie movable unit 20 
in dependence of said horizontal position value H so that said second cranpass 
bearing is opposite said first compass bearing. 

S According to one embodiment the above described method of opexotingthe 
surveying instrument is petfonned in response to maimal control 

refeiBDce value Ry and/or Rh, lespectively. This is achieved e.g. when a user 
manudly opemtes fte vertical control Imob and/or the horizontal contrrf Im^^ 

surveying instrunicat. 

10 

According to another embodiment the controUer in the surveying instrumeat is 
adapted to automaticaUy compensate ftsr detected enpis during remote control of 
said surveying instrument In ttus embodiment there may be provided a receiver (not 
shown) coupled to dcKver the reference value Ry and/or R„ to the input 290 and/or 
15 input 390, respectively, in Figure 5. A transmitter (not shown) comprising inputs for 
pperation by a user is adapted to transmit data indicative of the reference value Ry 
and/or Rh to the receiver so as to cause the survqring instniment to be remotely 
controlled in response to the user inputs- The transmitter/ieceiver may communicate 
in a wireless manner, e.g via a radio link, or by means of modulated li^L In one 
2 0 veision the transmittec/Kecdver communicates optically by means of laser light, 
which is modulated to cany the infonnation about the reference value Ry and/or I^. 
When a user manually qpemtes control knobs on the tiansnaitter for the lefiarence 
value Bly and/or R„, the transmitter operates to delivcriclevant direction data to the 
receiver. In response to reception of the direction data the receiver may operate to 
^' Y 25 deliver adequate contitil signals so diat to the reference value Ry and/or Rr are 

deUv^ed to the lef^rmce value iiqmts 520, 620, 290» 390. According to a preferred 
{ } \ embodiment die control system 206a,200B includes a servo processor couple 

I- , - . communicate with the receiver and the reference value inputs 290, 390, 520, 620, 

The transmitter and the receiver maybe embodied by transceivers for allowing bi- 
30 directional communication. 
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In yet anofh^ veraion of the mvenUon an operator may enter a certmn target, in 
trans of co-ordinates or target reference values, via user Inputs on the surveying 
instnunenc itself and in response thereto a processor in the surveying instniment will 
automatically calculate a corresponding direction of the sight line so as to direct the 
sight line towards the target This may be achieved by entering the comesponding 
direction reference values into inputs 290 and 390 shown in Figure 5. In yet another 
embodiment of the invcntiion ttie co-ordinates or target reference values arc entored 
on user inputs at a remote location and delivered to a transmitter ac the remote 
location for transfer to flie surveying instrument by means of a transmltter/iecciver 
assembly, thereby causing ttie surveying Instmment to automatically direct the si^t 
line towards a tai^ defined by the co-oidinates or target reference values. Hie 
transmitter/receiver assembly may operated in Ae same manner as desoibed above. 
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1 . A method of operating a surveying insfiuinent (1 0) having a movable mdi (20) 
Oiat is controUably rotatable around a first axis (50) and around a second axis (90), 
whCTein said second axis (90) may be inaccurately positioned so that it deviates finom 
a true vertical axi$» and said first axis (50) may deviate fiom being orthogonal to the 
second axis (90); the method comprising flie steps of: 

a) setdng a horizontal referoace value (Ry) indicative of a desired 
horizontal orientation of said movable unit (20); 

b) detecting a horizontal orientation value (Hs) indicative of a cunent 
rotational orientation around said second axis (90); 

c) receiving a horizontal orientation correction value (H^q\ DH) indicative 
of a horizontal orientation deviation of said movable unit (20); v^erein said 
horizontal orientation correction value (Hec; DIQ is generated in d^endence of a 
transverse plumb error value (Pi; P*{); said transverse plionb enor value (Pi; Fi) being 
dependent on said horizontal orientation of said movable unit (20); and 

wherein said received horizontal orientation coirection val\ie ^h:^ I^H) 
is dependent on the vertical orientation (V) of the movable unit (20) so as to 
compensate for horizontal orientation deviations that may occur as a consequence of 
pivoting around said first axis (50); 

d) generating a horizontal position value (H) indicative of a cunent 
]iori2!ontal orientation of said movable unit (20) in response to said defected 
horizontal orientation value QXs) and said horizontal orientation conecdon value 
(Hec;DH); 

e) generating a horizontal error value (oh) in dependence on said horizontal 
positioD value (H) and said hcnizoiEtal lef^ence value (JR,^; 

f) automatically controlling the horizontal orientation of fhe movable unit 
(20) in dependence of said horizontal enor value (ch). 



2. The method according to claim I, further comprising 
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g) icpcatiDg steps b) to £) of claim 1 untU said horizontal enor value (e„) is 

smaller tfaaa a predetennined tfaresbold value (Df). 



3. The method according to claim 1 or 2, wherein 
5 said horizontal orientation correction value (Hgc; DH) is dependent on a 

predicted transverse plmnb error value (FOi and wherein 

the predicted twnsverse plumb error value (P*|) is gmerated in 
dependence on said detected horizontal orientation value (Hs). 

10 4, The method according to claim 1» wherein 

said horizontal orientation correction value (Hbc; DH) is generated in 
response a measured transvCTse plumb enror value (Pf); said measured transverse 
plumb enor value (Pj) being inheienfly dependent on the horizontal position of the 
movable unit (20) wh^ the transveise plumb error (P^ deviates ftom zm* 

15 

5, The method according to any one of claims 1, 2, 3 or 4 wherein 

steps h\ ^ d of claim 1 are perfomoed with a first repetition 
frequ^K:^ and wherein 

said horizontal orientation coirection value (Hec; I^H) is updated witii a 
2 0 second repetition frequency; said second repetition frequency being lower than said 
first repetition frequency. 

6. Theme&od according to claim S v/bm dependent on claim 2^ 3 or 4, wherein 

said transverse plumb error value is updated with said second repetition 

25 frequency. 

7« The metiiod accoidiiig to any one of claims 2-6, wherein 

said pfedeteimined threshold value (Dp) ia less than tn arcsecond& 



30 



8. The method according to any one of claims 2-6, wherein 

said predetennined threshold value (D^) ia less than one arcsecond. 
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9. The method accowJing to any one of claims I - 8, fUrther comprising the step of: 

pivoting said movable unit (20) around said first axis (SO) so as to 
change a vertical orientation of said movable unit (20). 

10. The method according to any one of claims 1-9, wherein: 

said vertical orientation (V) of die movable unit (20) is generated in 
dependence of a longitudinal plumb error value (?«; Fu); said longitudinal phmib 
error value (?„; P n) being dependent on said horizontal orientation of said movable 
unit (20). 

1 1 . A method of opemting a surveying instrumient (10) having a movable unit (20) 
that is controllably rotatable around a first axis (50) and around a second asds (90), 
wherein said second axis (90) may be inaccurately positioned so that it deviates firom 
a true vertical axis, and said first axis (SO) may deviate fit>m being orthogonal to the 
second axis (90); the method conrprising the steps o£ 

setting a desired first horizontal orientation of said movable unit (20) so 
fliat a horizontal component of the aim of a sigjit line (128) of said surveying 
instrument (10) is directed in a fii^t compasis bearing; 

pivoting said movable unit (20) around said first axis (50) so as to 
change a vertical orientation (V) of said movable unit (20) until said bori^ntal 
compcmcnt of the aim of said sight line (128) of said surveying instrument (10) is 
directed in a second compass bearing; said second compass bearing deviating fiom 
said first compass bearing; 

generating a horizontal position value (H) indicative of a current 
horizontal orientation of said movable unit (20) in response to a horizontal 
orientation correction value (B^cii said horizontal orientation correction value (Hec) 
being dependent on the votical orientation (V) of die movable unit (20) so as lo 
compensate for horizontal orimtation deviations that may occur as a consequence of 
pivoting arnund said first axis (50); 

automatically controlling a horizontal orientation of die movable unit 
(20) in dependence of said horizontal position vahie (H) so that said second compass 
bearing is apposite said finrt compass bearing. 
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12. A method of operating a siuveyiog instrument (10) having a movable unit (20) 
that is cmtrollably rotataUe around a first axis (SO) and around a second axis (90), 
wh^ein said second axis (90) may be inaccurately positioned so diat it deviates from 
a tme vertical axis, and said first axis (SO) may deviate from hdaag oifliogonal to the 
second axis (90); the method comprising the steps o£ 

a) setting a vertical reference value (Ry) indicative of a desired vertical 
orientation of said movable unit (20); 

b) detecting a vertical orientation value (Vs) indicative of a current 
rotational orientation around said first axis (SO); 

c) receiving a vertical orientation conrection value (V^; DV) indicative of 
a v^cal orientation deviation of said movable unit (20); wherein 

said vertical orientation correction value (V^c; DV) is generated in 
xlependence of a longitudinal phmib error value (Pn; P'n); longitudinal plumb 
mor value (Pn; Pu) ^eing dqiradent on a horizontal orientation of said movable unit 
(20); . 

d) g«eiBting a vertical position value (V) indicative of a current vertical 
orientation of said movable unit (20) In lesponse to said detected vertical orientation 
value (Va) and said vertical orientation coirection value (Vgc; DV); 

e) generating a vertical eiror value (cy) in dependence on said verti^ 
position value (V) and said vertical reference value (Rv); 

f) automatically controlling a vertical orientation of the movable unit (20) 
in dependence of said vertical error value (ey). 

13. The mediod according to claim 11, flxrtber comprising 

g) ^^ting steps b) to 0 until said vertical eoor value (ey) 
a predetennined threshold vahie (Dvp). 

14. The method according to claim 12 or 13, wherein 

said vertical orientation correction value (V^ DV) is dqtendrat on a 
predicted longitudinal plumb error value (P',0; and wherein 
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the predicted longitudinal pltunb error value (P'n) is generated in 
dqpendence cm a detected horizontal orientation value (Hs). 

1 5. The method according to claim 12, wherein 
5 &aid vertical orientation correction value (y^ci is generated in 

response a measured longitudinal plumb eiror value (Pn); said measured longitudinal 
plumb OTor value (PiO being inherently dependent on the current horizontal position 
of the movable unit (20). 

10 16. The method accordhig to any one of claims 12, 13, 14 or IS wherein 

steps b), d), e) andf) of daim 12 are pcrftrmed with a first repetition 
fiequency; and i9idmein 

said vertical otlentatloii correction vatoe (Vbc; TJfV) is updated wift a 
second repetition fiequency; said second repetition frequency being lower tiban said 
15 first repetition Sequence. 

17. The method according to claim 16 when dependent on claun 13, 14 or IS, 
wherein 

said plumb error value is updated with said second r^tidon frequency, 

20 

18. The method according to any one of claixns 13 • 17, whmin 

said predetmnined tfairshold value (Dvp) is less than ten arcseconds. 

19. The method according to any one of claims 13 - 17, wherean 

' • * 

' Y 25 said predetermined threshold value (Dvf) is less lhan one arcsecond. 

20. The method accordmg to any one of clahns 12 - 19, fiirtfaer comprising the st^ 
of: 

pivoting said movable unit (20) around said second axis (90) so as to 
3 0 change a horizontal orientadon of said movable unit (20). 
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2L A surveying instnuuent (10) having a movable unit (20) that is controllabty 
rotatable around a first axis (SO) and around a second axis (90), who'ein said second 
axis (90) may be inaccurately positioned so that it deviates fiom a true vertical axis, 
and said fitst axis (SO) may deviate from being orthogonal to the second axis (90); 
tiie surveying instrument fiuther comprising: 

means for generating a transverse plumb error value P'^; said 
transveise plumb error value (Pi; P*}) being dependent on said horizontal orientation 
of said movable unit (20); 

an horizontal OTor coirector (412) adapted to genemte a horizontal 
orientation concction value Ql^; DH) in dependence of a vertical position value (V) 
and said transverse plumb error value (Pj; P'|); wherein said vertical position value 
(V) is indicative of a vertical orientation of said movable unit (20); and . 

a controller (700) having: 
a) an input (390) for receiving a hcnizontal reference value 

(Rii) indicative of a desired horizontal orientation of said movable unit 
(20); 

^) a s wor for detecting a horizontal orientation value (Hs) 

indicative of a cunent rotational orientation around said second axis 
(90); 

an input for receiving said horizontal orientation correction 
value (Hec; DH) indicative of a horizontal orientation deviation of said 
movable unit (20); and 

a horizontal position genemtor (372) adapted to generate a 
horizontal position value (H) indicative of a current horizontal 
orientation of said movable unit (20) in response to said detected 
horizontal orientation vahie (Hs) and said horizontal orientation 
correction vahte OFIec; DH); and 
®) means for generating a horizontal error value (e„) in 

dependence on said horizontal position vahie (H) and said horizontal 
30 reference value (R|]); wherdn 



20 c) 



25 



d) 
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f) said controller is adapted to automatically control the horizontal 

orientation of the movable unit (20) in dependence of said horizontal eiror value 

5 22. The surveying instrument (10) according to claim 21, wherein 

said controller Is adapted to contro] the horizontal orientation of die 
movable unit (20) $o fbat said horizontal enror value (eu) is smaller than a 
predetermined threshold value (Dp). 

10 23. The surveying instiummt (10) according to claim 21 or 22, wherem 

said means for generating a iran^erse plumb eiror value (Pj; F|) 
comprises a predictor adapted to genmtte a predicted transverse plumb enor value 
(P'l) in dependfflce on said detected horizontal orientation value (Hs). 

15 24. The surveying instrument (10) according to claim 23, wherein 

said horizontal error corrector (41 2) is adapted to generate said 
horizontal orientation corrcciioh value QIbc: DH) in dependence of said predicted 
transverse plumb error value (P*i). 

2 0 25, The surveying instrument (10) according to any one of claims 21, 22, 23 or 24 
wherein 

said controller (700) is adapted to generate an iqpdated horizontal »or 
value (ei)) with a first repetition fiequency ; and wherein 

said horizontal enntf corrector (412) IS adapted to genemte an 
'^ y 25 horimntal orientation correction value (Hec;DH) with a second rqiet^ 

fipequmoy; said second rqpfetition frequency being lower ttan said first repetition 
fiequency. 

26, The surveying instrummt (10) according to claim 25 when dependait on claim 
30 22,23 or 24, wherein 

said transverse plumb ezior value is updated with said second repetition 

fiequency. 
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27. The surveyiBg instrument (10) accoiding to any one of claims 21 - 26, fiirtber 
comprising: 

means for generating a longitudinal plumb enror value (?«; P'n); said 
longitudinal phimb error value (Pi,; P 0) being dependent on said borizonfal 
orientation of said movable \mit (20); 

a vertical enor corrector (292) adapted to generate a vertical eiror 
correction value (V^) in dqpendoice of said longitudinal plnmb error value (Pq; 
P'n); 

a sensor for detecting a vmical orientation value (Vs) indicative of a 
cuixent iotati(mai orientation around said first axis (SO); and 

a vertical position generator (272) adapted to generate said vertical 
position value (V) of the movable unit (20) in dependence of said vertical ettior 
correction value (V^) and said detected vertical orientation value (Vs); and wherein 

said horizontal error corrector (412) is adapted to generate said 
horizontal orientation correction value (H^; DH) in dependence of said generated 
vertical position vahie (V) and said fransveise plumb enor value ^i; F,). 



28. A surveying instrument (10) having a movable unit (20) that is controllably 
2 0 lotatablc around a first axis (SO) and aioimd a second axis (90)^ wherein said second 

axis (90) may be inaccurately positioned so that it deviates from a tme vertical axis, 

and said first axis (SO) may deviate finm being orthogonal to the second axis (90); 

the surveying instrumint (1 0) comprising: 

means for generating a longitudinal plumb enor vahie (Pn; Fn) ; said 
25 longitudinal plumb error value (Pi^ F^) behig dependent on said horizontal 

orientation of said movable unit (20); 

a vertical famt corrector (292) adepted to gmeiate a vertical enror 

cortection value (V^c) in dqpendence of said longitudinal plumb rator value ^u; 

P'lD; 

30 a controller (700) having: 

^) an input (290) for a vertical reference yalue (Rv) indicative 

of a desired vertical orientation of said movable unit (20); 



14:50 



WjaiHNS STOCKH0U1 f\B e*5602B6 

08 59887300 



38 



^ NR-656 

InletRaleit'0Ghr8g.verk8i 
2003 -08- 2 3 

Huvudfoxen Kosion 



l?39 



b) 



a sensor for detecting a vertical orientation value (Vs) 
indicative of a current rotational orientation around said first axis (50); 
and 

an input (273) for receiving a vertical oriemation correction 
5 value (VbcI DV) indicative of a vertical orientation deviation of said 

movable unit (20); wherein 

said vertical orientation correction value (Vec; DV) is generated in 
dependence of a longitudinal plumb enor value (P,,; F„>; said longitudinal plumb 
error value (Pm P u) being dependent on said horizontal orientation of said movable 
10 unit (20); 

d) a vertical position generator (272) adapted to generate a vertical position 
value (V) of tiie movable unit (20) in dep&Omoe of said vertical exror conection 
value (Vec) and said detected veiticd orientation value (Vs); 

e) means for geneiating a vertical error value (ev) in dependence on said 
15 vertical position value (V) and said vertical reference value (Rv); whwcin 

f) said controller is adapted to automatically control a vertical ori^tation 
of tiie movable unit (20) in dependence of said vertical error vahie (cv). 

29- The surveying instnmient (10) according to claim 28| wherein 
20 said controller is adapted to control the vertical orientation of the 

movable unit (20) so that said vertical error value (ey) is smaller tiian a 
predetemiined threshold value (Dvf). 



30, The surveying instrunmt (10) according to claim 28 or 29, wherein 
2 5 said means for generating a longitudinal plumb enor value (Ps; P^n) 

cmnprises a predictor (226) adapted to generate a predicted longitadinal phunb error 
value (P'l^ in dependence on said detected horizontal orientalion value (Hs). 



31. The surveyirig instrumoit (10) according to any of claims 21 to 30» wheiem 
30 said movable unit (20) fbrther comprises optical equipment and a 

hairline cross (32) defining a sight line (128) for allowing said movable unit (20) to 
be aimed at a target position; wherein said sight line (1 28) may deviate from being 
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orthogonal to the first axis (SO); said deviation constituting a Horizontal CoIIimaiion 
exTor; 

said surveying instrument (10) fur&er comprising a mcmoiy (3SS) for 
storing an established Horizontal Coltimation enm value (C^); and wh^ecn 

said horizontal enror conector (412) has an ii^ut coupled to receive said 
established Horizontal CoUimatiim emir vtfhie (Ch); said horizontal error conector 
(412) being adapted to gmexate said horizontal orientation correction value. (U^ 
BH) In dependence of said established Horizontal Collinmtion enror value (CVj) so as 
to obtain compensation for said Horizontal CoUimarion error. 



32. An error compensation system for a surveying instnunent comprising: 

an automatic error measurement system for detecting a tilt enor and an error 
due to mechanical imperfections in said surveyixig instnunent; 

a controll^ adapted to automaiicaliy compensate for said detected errors so as 
15 to inqprove an opemting accuracy of said surv^ing instrument 

33. The error compensation system accordmg to claim 32> wfai^em said 
detected entics include a trunnion enor(T). • 

20 34. The error compensation system according to claim 32, whesrein said 
detected errors include a horizontal coUtmation error (C){). 

35- The OTor compensation system according to claim 32, 33 or 34, wherein said 
cmitroUer co-operates i^fli said automatic error measurement systaa so as to cause a 
25 sight line ofsaid surveying instniment to move in a vettic^ direction in response to 
manual control of a vertical directiim xe&ience value (Ry) wherein the enor fiom 
true verticaliQr is less than a predetermined amount 



• : 36, The error compensation system accorduig to claim 32, 33, or 35, wherein raid 

y 30 controller co-opeiates with said automatic error measurement system to cause a 

point, on a sight line, at an arbitrary fixed distance from said surveying mstrument to 
J move in a horizontal direcQon hi reqMmse to manual control of a horizontal direction 
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refemjce value (R^ wherein the error ftom true horizontal is less than a 
piedetecmined amount 

37. The error compensation system according to any of claims 32 to 36^ wherehi 
said automatic error measur^ent system comprises a first error 

coixection genemtor for generating a vertical cnrca- correction value (Vec) and a 

second enor correction generator for generating a horizontel error connection vahie 

(Hec) dependent on said drtected enors; and wherein 

said controller is adq>ted to achieve said cnor compensation in 

depmdmce of said vertical and horizomal error correction vahiea (Vsc» Hqc^. 

3g.The enoT compensation system according lo clahn 37, wherein 

said first error correction generator is adapted to generate the vertical 
enor collection value (Vfc) in dependence on a longitudinal plumh error value (Pn; 
Fn);and 

said second enor correction generator is adapted to generate the 
hori2ontal error correction value (Hec) in accordance with the following equation: 
Hec=H^> Cn/sinV + (T +Fi)* cotV 

wherein Hp is a consumt; T is a detected trunnion axis error; 

P'l IS a horizontal plumb error value; and V is a vertical position value depmdent on 
said vertical error conection value (Vec)- 

39. The enor conq^ensation system according to claim 37 or 3 8 wbm dependent on 
daim 37, wherein 

said controller is adqited to generate an xxpdated control signal wifli a 
first repetition frequency; and wherein 

said automatic error measuremient system is adapted to generate said error 
correction values with a second repetition fiequenpy; said second repetition 
firequmcy being lower than said first repetition fiequency. 

40. The error compensation system according to any of claims 35 or 36, wherein 
said predetermined amount is less than ten arcseconds. 
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41 . Hie error compensation system according to any of claims 35 or 36. wherein 
said predeteixniiied amoum is less than one arosecond . 

5 42 The eixor compensation system according to any of claims 35 or 36, wherein 
said predetennined amount is less than one third of an arcsecond. 

43. The enor compensation system according to any of dahns 32 to 42, wAerein 
said controller is adapted to automaticaUy cpmpensate for said detected errors during 

10 manual control of said swveying instrument. 

44. The error compensation system according to claim 43,wherein 

said mjanual control of said surveying instrument includes manual control of a 
direction refermce value. 



15 



45. The OTor compensation system according to any of dahns 32 to 42, wh»ein 
said controller is adapted to automatically compensate fer said detected eiiors during 
remote control of said surveying instrument. 



20 



46- The error compensation system according to any of claims 32 to 42, wherein 
said controller is adapted to automatically compensate for said det^^led enrois during 
automatic control of said surveying instrument 
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Abstract 

The present invention relates to a method of operating a surveying instrument (10) 
having a movable unit (20) that is controllably rotatable around a first axis (50) and 
5 around a second axis (90), wherein said second axis (90) may be inaccuiately 
positioned so that it deviates flrom a true vertical axis, and said first axis (SO) may 
deviate ficom hwig orthogonal to fhe second axis (90); the method comprising the 
steps of: 

a) setting a horizontal reference value (Rn) indicative of a desired 
10 himzontal orientation ofsaidmovable unit (20); 

b) detecting a horizontal orientation value (Hs) indicative of a current 
rotational orientation around said second axis 00); 

c) teceiving a horizontal orientation correction value (Hec; I^H) indioative 
of a horizontal orientation deviation of said movable unit (20); wherein said 

15 horizontal orientation correction value (Hue* ^ generated in dependence of a 
transvCTse plumb emr value (Pj; F|); said transverse plumb error value (Pf, P*|) bemg 
dependmt on said horizontal orientation of said movable unit (20); and 

wherein said received horizontal orientation correction value (H^c: DH) 
is dependent on the vertical orientation (V) of the movable imit (20) so as to 

20 compensate for horizontal orientation deviations that may occur as a consequence of 
pivoting around said first axis (SO); 

d) generating a horizontal position value (H) indicative of a cucrent 
horizontBl orientation of said movable unit (20) in response to said detected 
horizcmta] orimtation value (Hs) and said horizontal orientation conection value 

25 (Hec;I>H); 

e) gencratiiffi a horizontal error value (ei^ in dependmce on said horizontal 
position value (H) and said horizontal tefi^rence value (RiO; 

0 automatically controlling the horizontal orioitation of the movable unit 

(20) in dependence of said horizontal enor value (e^. 

30 
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